One of the major issues of concern to the surgeon as well as pathologist at the time of colon resection, is in defining adequate margins of resection. This problem exists for the most part, when left sided colon malignancies are resected at or near the peritoneal reflection. Here, most surgeons accept distal margins free of disease at from 2 to 5 cm. below the lower margin of the neoplasm to be resected. Distal margins are then carefully examined by the pathologist, usually in the OR, to perform the needed frozen sections for careful inspection of the specimen. When it is reported that colonocytes present at the margins of resection appear normal, an anastomosis is then carried out. In spite of this approach to assure that the tumor being resected has been totally removed, a local suture line recurrence of from 10-15% can be anticipated within two years of the surgery that had been performed. In the present report we describe an immunohistochemical procedure, readily available for use on frozen section material, to define which cells interpreted as normal, have actually undergone genotypic transformation toward clinical malignancy.

Even though tumor cells may have spread into the circulation prior to tumor resection, resulting in synchronous or metachronous metastasis arising fromm the primary colon lesion, optimization of margins of resection at the time of the surgical procedure is essential to minimize or totally prevent anastomotic recurrence. A number of explanations have been given for this form of local recurrence, including re:emergence of malignant stem cells at the suture line or even retrograde spread of malignant cells that remained in the mesenteric lymphatic channels following the surgical procedure.

We believe that such concepts related to recurrence, fail to recognize premalignant oncogenic transformation that has already taken place in normal appearing cells such as colonocytes. Such cells have the potential to compromise a surgical procedure, resulting in local recurrence. The development of monoclonal antibodies that were shown to be capable of recognizing cancer proteins being expressed in both fully malignant as well as premalignant cells, originated in a study employing therapeutic immunogenic proteins isolated from colon cancer. These proteins were employed as a vaccine to control Dukes C2/D lesions undergoing resection. Here, marked improvement in 5 yr. survival was noted in the vaccine treated group over surgery alone. This beneficial vaccine response was studied to define mechanisms. When a final analysis of the data was reviewed, it proved that this improved survival was mainly due to the production of high titers of a specific IgG1antibody that defined proteins expressed in the tumor and then targeted these immunogenic proteins that appeared within the colon malignancy. In this study employing a colon cancer vaccine to enhance the immune response, little efficacy was found to be associated with the onset of cell mediated immunity. Based on these findings we approached the issue of defining the immunogen as a marker and such markers then having the capability of being targeted for apoptosis. We now utilized those tumor antigens derived from colon cancer to develop a repertoire of mAbs (monoclonal antibodies). Three mAbs were produced, sequenced and then cloned as murine and chimeric antibodies that targeted three distinct tumor proteins essentially expressed in all colon cancers examined (Fig. [1](#F1){ref-type="fig"}).

In approaching FDA regarding use of these monoclonals for possible therapy against metastatic colon tumors, it was necessary to evaluate a large array of normal colon and other tissues to define whether any of the corresponding antigens developed against colon cancer were expressed in normal tissue. On completion of the study, no normal tissues could be shown to express such immunogenic tumor protein antigens.

A major issue followed as to when in the clinical development of a malignant lesion such as colon cancer, did tumor protein become expressed and that such antigen be readily identified. This analysis evaluated antigen expression ranging from what was interpreted as the initial genotypic transformation of the colon cells to the phenotypic appearance of malignancy. Our evaluation of numerous histologic sections employing immunohistochemistry with a combination of the three monoclonals targeting immunogenic tumor proteins looked at normal tissue in patients without disease, those where the earliest polypoid changes were taking place, and samples from normal colonocytes adjacent to a large array of early and late malignancies. The information obtained, suggested that the presence of, or expression of these immunogenic tumor proteins that would represent transformation to the malignant phenotype, could be detected at the earliest onset of the genotypic state of malignancy when the colonocytes still appeared normal.. This event suggested that tumor protein could be identified somewhere between 4 and 6 months before phenotypic features were noted by the pathologist using H&E for the staining procedure, We also noted that in many cases of colon cancer, a field effect extending from the primary tumor to several cm. past the tumor was present. Here, normal appearing colonocytes expressing proteins similar to ones defined in the primary malignant lesion were present. (Fig. [2](#F2){ref-type="fig"})

Of significance was the need to ascertain whether the presence of such cells noted at the margins of resection represented inadequacy of tumor removal, and as a result the development of anastomotic recurrence. We did have the opportunity to evaluate several instances where anastomotic recurrence was seen and where the original margins called normal did reveal tumor protein expression. In such cases where recurrence arose, we now interpreted such findings as being based on the inclusion of transforming cells in the suture line of the reconstructed bowel. A major retrospective study as such is underway to confirm statistically that such transforming cells do serve as the causative factor for disease reappearing in the suture line.

Alternative approaches have been devised to define transforming colonocytes. Damania et.al [@B1], described partial wave spectroscopic (PWS) microscopy as a means of assessing the presence of abnormal colonocytes as a cause of recurrence developing in the bowel suture line post surgery. This microscopic procedure was developed to resolve the same issues that we have had in terms of the reason for recurrent anastomotic lesions and how to prevent them. It was noted that "this approach provides a potential prescreening strategy for one of the major issues of concern to the surgeon and pathologist, in defining adequate margins of resection at the time of performing a colon resection". This problem exists for the most part, when left sided colon malignancies are resected at or near the peritoneal reflection. Most surgeons as noted, accept distal margins free of disease from 2 to 5 cm. below the lower margin of the neoplasm to be resected. Distal margins are carefully examined on frozen section by the pathologist, usually standing by in the OR. When it is reported that colonocytes present at the margins appear normal by standard histologic procedures, an anastomosis is carried out..

We have utilized in contrast to what was described as the "PWS microscopy" approach, a more readily available technique to evaluate oncogenic transformation. We employ direct targeting of tumor protein by an relatively simple immunoperoxidase procedure with specific anti TAA IgG\'s This staining procedure appears to define malignant transformation that might be occurring in normal appearing colonocytes. Here the monoclonal antibody binds to the immunogenic proteins being expressed in these transforming cells. Monoclonal antibodies (NPC-1, 31.1 and 16C3) produced against the corresponding colonic tumor proteins were shown to be highly effective both in diagnosing the presence of markers for characterization of the malignancy as well as guiding an immune therapeutic approach to target colon cancer cells via ADCC (antibody dependent cell cytotoxicity) [@B3],[@B4].

The specific Immunogenic proteins associated with colon cancer were first described by Hollinshead [@B2] and later characterized by our group at Precision Biologics. The 3 antigens identified in the malignant bowel lesion appear related to oncofetal proteins necessary to help the fetus in the maturation of the bowel. The NPC-\`1 monoclonal as well as others targeting the immunogenic tumor proteins were derived from pooled allogeneic antigen derived from colon cancer. After partial purification, the antigen preparation was used to induce arrays of hibridomas which after screening, resulted in the 3 specific monoclonals that appeared to target antigen in colon carcinoma. The NPC-1 antibody appeared to be associated with a modified (post translational) or possibly mutated form of MUC5ac, 31.1, with a modified form of A33 of Olds and 16C3 was associated with CEAcam 5 and, 6. Those antibodies commercially available for defining the 3 nonmutated oncofetal antigens did not cross react with the mutated derivatives that have immunogenic properties and that we have been able to characterize. These commercial monoclonals as such have neither therepautic nor diagnostic capabilities. The monoclonals we employ, appear to be related to altered core peptides of the immunogenic TAA proteins

Our group had the opportunity to examine 60 normal colon biopsies taken adjacent to an array of colonic neoplasms and detected tumor antigen being expressed in 9 of the cases. This is roughly the incidence of anastomotic recurrence seen following low anterior resection where there might have been failure to identify the early transformation of colonocytes on a genotypic basis. A rapid IHC double monoclonal antibody staining study has been developed that we plan to be used in performing a more detailed study of margins of resection taken within a limited distance (2-5 cm) for the colon cancer primary. We are not sure whether a field effect arises in the bowel secondary to viral or carcinogenic transformation and a malignant process develops in the field effect or whether secondary to the appearance of a malignant lesion, a corresponding field effect around the tumor ensues. Obviously during the process of defining field effect, if antigen expression is noted in resected margins, further resection will be suggested. Two studies are in progress. A retrospective one, to look at a number of recurrences that appeared in the suture line 1-2 years following surgery. A second study will prospectively evaluate patients undergoing surgery where margins will then be evaluated by frozen section to help the pathologist clearly define normalcy in the margins remaining as part of the retained bowel.

As the concept of antigen expression in malignancies came to fruition, It seemed important to define whether premalignant cells as with their mature counterparts that are expressing antigen, shed their tumor proteins into the bowel lumen.

In a manner similar to what is noted when the fully malignant tumors shed tumor antigen into the serum (Fig.[3](#F3){ref-type="fig"}) we undertook examining stools samples, a site for the accumulation of possible shed antigen. A small study was performed, the results being noted in Fig.[4](#F4){ref-type="fig"}. For the most part, the stool ELISA as performed in this study, did detect shed antigen from both tumor as well as premalignant lesions. Such a procedure appears sensitive and can suggest with a fair degree of accuracy whether the bowel is or is not free of pathology.

It is anticipated that this procedure will eventually replace the stool guaiac test for possible defining the presence of malignant pathology within the colon.

![Colon cancer stained with H&E and then followed by IHC with mAb 31.1.](jcav04p0165g01){#F1}

![Normal colonocytes seen expressing tumor antigen defined by monoclonal antibody NPC-1.](jcav04p0165g02){#F2}

![Under high power, one sees antigen shed into the bowel lumen to eventually be incorporated in the stool.](jcav04p0165g03){#F3}

![Results of stool test with N representing -normal patients, SP- small polyp, LP-large polyp and CC- colon cancer. The units are for the most part measured in nannogms. of antigen detected by the ELISA procedure.](jcav04p0165g04){#F4}
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